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Th i s  study of contaminants i n  mussels from o u t e r  Cork Harbour 
(Buoy no. 8 )  has  shown t h a t  t h e  l e v e l s  of s e l e c t e d  metals  and 
organochlor ine  subs tances  a r e  gene ra l ly  low and a t  t h e  lower 
end of t h e  ranges  measured i n  r e c e n t  surveys of mussel 
populat ions  a t  o t h e r  European c o a s t a l  si tes.  
INTRODUCTION 
The blue mussel Mvtilus e d u l i s  is a common spec i e s  of 
s h e l l f i s h  i n  European c o a s t a l  waters .  A s  a f i l t e r - f e e d i n g  
organism, it r e a d i l y  accumulates d i sso lved  and p a r t i c u l a t e  
substances  from t h e  surrounding seawater.  I t  i s  t h i s  
c h a r a c t e r i s t i c ,  and t h e  more o r  l e s s  s t a t i o n a r y  l i f e s t y l e  of 
t he  a d u l t s ,  which has  l e d  s c i e n t i s t s  t o  recommend mussels a s  
an i n d i c a t o r  of contaminants i n  t h e  marine environment. 
The Department of t h e  Marine 's  F i s h e r i e s  Research Centre  (FRC) 
has  been monitoring t h e  l e v e l s  of contaminants i n  mussels a t  
s e l e c t e d  sites around I r e l a n d  s i n c e  1975 (Crowley and Murphy, 
1975) .  However, r e c e n t  advances i n  t issue a n a l y s i s  have shown 
t h a t  much of t h e  d a t a  on metals  published p r i o r  t o  about 1980 
a r e  of ques t ionab le  accuracy and a r e  t h e r e f o r e  u n s u i t a b l e  f o r  
comparing t r e n d s  i n  contaminant l e v e l s  from year  t o  year .  Most 
of t h e  d i f f i c u l t i e s  have now been reso lved  and, as  p a r t  of i t ' s  
ongoing moni tor ing a c t i v i t i e s ,  t h e  FRC w i l l  be examining 
mussels i n  t hose  a r e a s  which a r e  suspected of r e c e i v i n g  t h e  
g r e a t e s t  i n p u t s  of contaminants (e.g. p o r t s ,  urban and 
i n d u s t r i a l  a r e a s )  on a r e g u l a r  bas i s .  This r e p o r t  p r e sen t s  t h e  
r e s u l t s  obta ined from a mussel bed loca t ed  a t  Buoy No. 8 i n  t h e  
o u t e r  s e c t o r  of  Cork Harbour (Figure  1 )  which was sampled i n  
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The Cork Harbour a r e a  i s  one of t h e  most i n d u s t r i a l i s e d  i n  t h e  
country  and inc ludes  a number of chemical and pharmaceutical  
p l a n t s .  A s  we l l  a s  e f f l u e n t s  from t h e s e  i n d u s t r i e s ,  t h e  
harbour r e c e i v e s  municipal  sewage d i scha rges  and a v a r i e t y  of 
wastes  t h a t  a r e  t r a n s p o r t e d  seawards by t h e  River Lee. 
H i s t o r i c a l l y ,  t h e  harbour has a l s o  rece ived  contaminants from 
f o s s i l  f u e l  combustion (a tmospher ic  i n p u t s )  and contaminants 
r e d i s t r i b u t e d  by dredging a c t i v i t i t e s .  These i n p u t s ,  and t h e  
semi-enclosed n a t u r e  of t h e  harbour,  might suggest  t h a t  t h e  
q u a l i t y  of t h e  a r e a  a s  a h a b i t a t  f o r  marine l i f e  has s t e a d i l y  
d e t e r i o r a t e d ,  b u t  s c i e n t i f i c  s t u d i e s  t o  d a t e  have been f a r  t o o  
l i m i t e d  t o  draw any f i rm  conclusions  i n  t h i s  regard.  
Previous  s t u d i e s  had no t  suggested t h a t  heavy meta l s ,  which 
occur a t  varying l e v e l s  i n  a l l  wastes ,  o r  p e r s i s t e n t  organic  
contaminants were e l eva t ed  i n  mussel popula t ions  i n h a b i t i n g  
t h e  a rea .  However, t h e  d i scovery  of a new bed i n  t h e  main e x i t  
channel  from t h e  harbour provided a good oppor tun i ty  t o  r e -  
e v a l u a t e  t h e  s i t u a t i o n ,  and t o  apply improved sampling and 
a n a l y t i c a l  t e chn iques ,  a t  a  l o c a t i o n  t h a t  would be expected t o  
r e f l e c t  t he  n e t  contaminant i npu t  t o  t h e  open sea .  
METHODS 
200 mussels ,  rang ing  i n  l eng th  from 35-55cm, were d iv ided  i n t o  
4 s i z e  c l a s s e s ,  purged f o r  2 4  hours  i n  c l e a n  seawater ,  opened, 
r i n s e d  with  d i s t i l l e d / d e i o n i z e d  water and dra ined ;  
subsequently t h e  sof  t t i s s u e s  were removed. After  
homogenization, p o r t i o n s  of t h e  composite samples were 
e x t r a c t e d  and analysed f o r  s e l e c t e d  metals  (mercury, cadmium, 
lead ,  copper and z i n c )  and a range of organochlor ine  compounds 
inc lud ing  p e s t i c i d e s  and po lych lor ina ted  biphenpyls (PCBs; 
IUPAC congeners nos 28,52,101 ,I 18,153,138,180). The d e t e c t i o n  
systems used were Atomic Absorbtion Spectrometry (AAS ) f o r  t h e  
metals  and Gas Liquid Chromatography (GLC) f i t t e d  with an 
e l e c t r o n  cap tu re  d e t e c t o r  (ECD) f o r  t h e  o rgan ic  contaminants.  
Data q u a l i t y  assurance  f o r  metal  was by r e f e rence  t o  a 
Standardized Oyster  T issue ,  and f o r  organohalogens by use of a 
mixed inhouse s t anda rd  s o l u t i o n .  
RESULTS 
Based on the  s t anda rd i sed  m a t e r i a l s ,  t h e  a n a l y t i c a l  recovery 
of t h e  contaminants measured was * 25% o r  b e t t e r ,  a p a r t  from 
mercury (Hg) which showed a recovery of approximately 150%. 
A summary of in format ion  desc r ib ing  t h e  c h a r a c t e r i s t i c s  of t h e  
mussel sample from o u t e r  Cork Harbour is given i n  Table 1 .  
Between t h e  s m a l l e s t  and t h e  l a r g e s t  s i z e  c l a s s e s  t h e r e  was 
approximately a t h ree - fo ld  i nc rease  i n  t h e  weight of s o f t  
t i s s u e  (meat ) ,  while t h e  l i p i d  ( f a t )  con ten t  va r i ed  from 0.6- 
1.09% and d id  n o t  appear  t o  be r e l a t e d  t o  t h e  s i z e  o r  age of 
t h e  mussels. 
The concent ra t ion  ranges  f o r  metals  (ug/g d ry  weight)  and f o r  
o rgan ic  contaminants (ug/kg wet weight)  a r e  given i n  Tables 2 
and 3 r e spec t ive ly .  I n  o rde r  t o  s imp l i fy  p re sen ta t ion  of 
t h e  r e s u l t s ,  and t o  f a c i l i t a t e  comparison with  d a t a  from o the r  
a r e a s ,  they  have n o t  been broken down on t h e  b a s i s  of s i z e  
c l a s s e s  but  t h e  ranges  r e f l e c t  t h e  d i s t r i b u t i o n  of 
concen t r a t i ons  a c r o s s  t h e  fou r  sub-samples. In  a l l  cases  t h e  
r e s u l t s  a r e  based on t h e  mean of two r e p l i c a t e  determinat ions  
f o r  each contaminant i n  each sub-sample. 
DISCUSSION 
The concent ra t ions  of a  major i ty  of contaminants tended t o  
decrease  wi th  i nc reas ing  s i z e  of t h e  mussels; t h e r e  i s  no 
immediate exp lana t ion  f o r  t h i s .  However, v a r i a t i o n  was 
gene ra l ly  low and wi th in  a  f a c t o r  of x2. Cadmium was 
uniformly d i s t r i b u t e d  throughout t h e  s i z e  c l a s s  while p , p l -  
DDE and d i e l d r i n  showed inc reas ing  concen t r a t i ons  with s i z e  
w i th in  t h e  35-50 cm l eng th  range. 
The metal  concen t r a t i ons  have been compared with published 
d a t a  from both s i d e s  of t h e  I r i s h  Sea (ICES 1988a) and t h e  
North Sea ( S c i e n t i f i c  and Technical  Working Group f o r  t h e  2nd 
North Sea Conference, 1987) obta ined dur ing  t h e  p a s t  5  years  
(Table  2 ) .  This c l e a r l y  shows t h a t  t h e  l e v e l s  of contaminants 
measured i n  mussels from o u t e r  Cork Harbour a r e  we l l  wi th in  
t h e  ranges  g e n e r a l l y  found wi th in  t h e  North-East A t l a n t i c  
s h e l f  a rea .  S ince  some of t h e  d a t a  repor ted  a r e  f o r  heavi ly  
contaminated s i t e s ,  and o t h e r s  from r e l a t i v e l y  remote s i t e s ,  
it i s  i n t e r e s t i n g  and perhaps more r e l e v a n t  t o  compare t h e  
p re sen t  r e s u l t s  t o  t h e  90-percen t i l e  values  f o r  t h i s  European 
d a t a  s e t  ( i . e .  t h e  range when t h e  upper and lower 10% of t he  
ranked d a t a  have been removed); t h e  Cork Harbour mussels a r e  
s t i l l  wel l  w i th in  t h i s  range. This  comparison does suggest  
t h a t  z inc  concen t r a t i ons  i n  mussel t i s s u e  a r e  higher  than 
average f o r  t h e  reg ion ;  while t h i s  may be a  r e f l e c t i o n  of 
l o c a l  geo-chemistry, previous  s t u d i e s  of sediments i n  t h e  
e s t u a r y  of t h e  River  Lee have noted e l eva t ed  z inc  
concen t r a t i ons  with h ighe r  values  i n  t h e  v i c i n i t y  of Cork Ci ty  
(J.Clancy, EOLAS, pe r s .  comm.). 
A s i m i l a r  approach has been taken t o  t h e  assessment of organic  
contaminants (Table  3 ) .  Comparable d a t a  on mussels from t h e  
North-East A t l a n t i c  reg ion  have been obtained from t h e  
monitoring programme under t h e  Oslo Convention (OSCOM) which 
a l s o  covers  t h e  North-East A t l a n t i c  region ( I C E S  1988b). These 
show t h a t  t h e  concen t r a t i ons  of PCBs, DDT and i t s  isomers, 
d i e l d r i n  and HCHs ( i n c l u d i n g  h -  HCH i . e .  l i ndane )  a r e  a t  t he  
lower end of t h e  ranges  f o r  t h e  reg ion  and, i n  a l l  c a se s ,  
s i g n i f i c a n t l y  below t h e  mean concent ra t ions .  To f u r t h e r  
i l l u s t r a t e  t h e  p o s i t i o n ,  t h e  l e v e l s  of PCB, t o t a l  DDT and 
d i e l d r i n  i n  Cork Harbour mussels compared t o  those  i n  t h e  
Liverpool a r e a  a r e  lower by f a c t o r s  of 9 ,  18 and 4 4  
r e s p e c t i v e l y  (ICES 1988a) .  
The l e v e l s  of contaminants i n  marine organisms depend on 
b i o l o g i c a l  and c l i m a t i c  f a c t o r s  a s  well  a s  t h e  concent ra t ions  
i n  t h e  surrounding environment. These sources  of v a r i a t i o n ,  
a s  wel l  a s  t h o s e  r e l a t e d  t o  a n a l y t i c a l  procedures (e.g. 
recovery from s tandard  m a t e r i a l s ,  sample homogeneity e t c . )  
must be taken i n t o  account i n  t h e  i n t e r p r e t a t i o n  of monitoring 
d a t a .  The eva lua t ion  of comparable d a t a  s e t s  obta ined over a  
per iod of 3-5 y e a r s  o r  more i s  the  most r e l i a b l e  means of 
e s t a b l i s h i n g  t h e  contaminat ion s t a t u s  of any p a r t i c u l a r  
l o c a l i t y .  Never the less ,  t he  p re sen t  d a t a  provide s a t i s f a c t o r y  
evidence t h a t  o u t e r  Cork Harbour i s  no t  heav i ly  contaminated by 
t h e  f i v e  heavy meta l s  i n v e s t i g a t e d ,  i nc lud ing  t h e  p r i o r i t y  
contaminants mercury and cadmium which may presen t  hazards  t o  
human h e a l t h  when t h e  d i e t  (e.g. seafood)  con ta ins  
s i g n i f i c a n t l y  e l eva t ed  amounts. 
The gene ra l  s t a t e  of contamination by PCBs and p e s t i c i d e s  
i n v e s t i g a t e d  i s  a l s o  low and well  below l e v e l s  known t o  be of 
t o x i c o l o g i c a l  s i g n i f i c a n c e .  There a r e ,  of course ,  many o the r  
man-made organic  compounds t h a t  may be p re sen t  a s  contaminants 
but which have n o t  been measured i n  t h i s  s tudy.  Because of t he  
c o s t  and complexity a s s o c i a t e d  with t h e  a n a l y s i s  of organic  
contaminants it i s  important  t o  i d e n t i f y  l i k e l y  sources  of 
s p e c i f i c  compounds before  t h e y  a r e  added t o  t h e  l ist  of t hose  
t o  be monitored. The p re sen t  l i s t  inc ludes  p o t e n t i a l l y  harmful 
subs tances  which were ex t ens ive ly  used i n  t h e  p a s t ,  f o r  example 
p e s t i c i d e s  i n  a g r i c u l t u r e  and manufacturing indus t ry ,  and which 
a r e  now s u b j e c t  t o  s t r i n g e n t  c o n t r o l s .  While environmental 
r e s i d u e s  of t h e s e  subs tances  a r e  expected t o  diminish,  t h e  
l a r g e  q u a n t i t i e s  r e l e a s e d  and t h e i r  r e s i s t a n c e  t o  degradat ion 
(e .g .  PCBs) d i c t a t e  t h a t  t h e  process  w i l l  be slow. 
The Department of t h e  Marine w i l l  con t inue  t o  monitor 
contaminants i n  marine organisms i n  Cork Harbour and o t h e r  
c o a s t a l  a r e a s  and, by keeping under review t h e  sources  and 
subs tances  r e l ea sed  i n t o  t h e  marine environment, w i l l  modify 
and extend a s  necessary t h e  substances  t o  be i n v e s t i g a t e d  a t  
each l o c a t i o n  
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F I G U R E  1. Location of mussel  sampl ing  s i t e  (Buoy No. 8 )  in 
o u t e r  Cork Harbour ( A p r i l  1 9 8 9 ) .  
Table I .  Characteristics of the mussel sample 
35-40mm 40-45mm 45-50mm 50-55mm 
No. per sample 5 0 50 5 0 5 0 
Mean lt. (mm) 37.3 42.6 47.4 52.0 
Std. dev. (mm) 1.40 1  .I8 1 .I8 1.28 
Wt. shell (g) 140 190 240 31 7 
Wt. meat (g) 42.0 63.0 90.2 119 
% Moisture 82.9 82.7 82.9 83.3 
% Lipid 1.09 0.77 0.60 0.84 
T a b l e  2 .  Heavy metals i n  t i s s u e  o f  b l u e  m u s s e l  M y t i l u s  e d u l i s  
f r o m  o u t e r  C o r k  H a r b o u r  c o m p a r e d  t o  o v e r  5 0  E u r o p e a n  
c o a s t a l  s i t e s  ( a l l  d a t a  1 9 0 0 ' s ;  C o r k  d a t a  1 9 8 9 ) .  
H 9  Cd Pb Cu Z n  
u g / g  d r y  w e i g h t  
O u t e r  C o r k  H a r b o u r  
Range  0.24-0.44 0.94-1.4 6 .2-8 .9  6 .5-12  150-177 
5 0  E u r o p e a n  S i t e s  
-- 
Range  0.02-1 . O  0 .50-1 5  0.5-61 4.6-46 46-450 
Upr.  & l w r .  
9 0 - p e r c e n t i l e s ( a )  0 .06-0 .6  0.90-4.7 1.9-1 5  5.7-20 71-190 
Med ian  c o n c e n t r a t i o n  0 . 2 4  1.9 6 . 2  7.6 120  
( a )  The c o n c e n t r a t i o n s  a b o v e  w h i c h  ( lower) ,  a n d  b e l o w  w h i c h  ( u p p e r ) ,  
9 0 %  o f  a l l  m e a s u r e d  v a l u e s  f a l l .  
T a b l e  3. Organ ic  c o n t a m i n a n t s  i n  t i s s u e  of  b l u e  musse l  
M y t i l u s  e d u l i s  f rom o u t e r  Cork Harbour compared t o  
v a r i o u s  s i t e s  t h r o u g h o u t  t h e  O s l o  Convent ion  a r e a  
(Cork d a t a  1989;  OSCOM d a t a  1 9 8 5 ) .  
PCBs a r e  e x p r e s s e d  a s  ' t o t a l '  c o n c e n t r a t i o n s  based  
o n  A r o c l o r  1254 (sum of t h e  7 c o n g e n e r s  i s  e s t i m a t e d  
t o  a c c o u n t  f o r  3 7 . 4 % ) .  
Cork Harbour  OSCOM a r e a  
u g l k g  wet w t .  ug /kg  wet w t .  (Mean) 
( u g / g  l i p i d )  
PCB 11.6 - 21.6 5 - 290 ( 8 5 )  
(0.52-0.74) 
- DDT 1.2 - 5.9 
(0.15-0.54)  
D i e l d r i n  0.44 -0.82 
(0.052-0.086) 
4- HCH N.D. 
h- HCH N . D .  - 0.23 
HCB N.D. - 0.84 
d- c h l o r d a n e  N.D. 
A- c h l o r d a n e  N.D. 
t - n o n a c h l o r  N.D.-  0.30 
D e t e c t i o n  l i m i t s  ( u g l k g ) :  
O(-HCH = 0.25 A-HCH = 0.20 
HCB = 0.17 t - n o n a c h l o r  = 0.16 
d - c h l o r d a n e  = 0.20 h - c h l o r d a n e  = 0.27 
